. Biological effects of various spectral ranges of solar radiation. UV radiation has several positive features (e.g. in the erythemal effect, late pigmentation, anti-rickets and germicidal effects, anti bacterial effects), which are widely used in medical treatment, especially in heliotherapy in health resorts (Green et al. 1992; Sokołowski et al. 2008) . However, large doses of UV can involve several pathological effects in an organism, e.g. skin and eye diseases as well as disturbances to the immune system (Lucas et al. 2006; Confalonieri et al. 2007 ). The list of radiation related diseases is relatively long, from mild effects like a tendency to excessive drying of the skin, skin discolouration and hardening, skin aging and sunburn up to the destruction of the DNA in skin cells leading to various forms of skin cancer including melanoma. UV radiation can also influence the eye system and can induce cataract. Photo-allergies are also more frequent (Lityńska et al. 2001; Kieć-Świerczyńska & Kręcisz 2008) .
The UV index (UVI) is used to compare the intensity of ultraviolet radiation near ground level (Vanicek et al. 1999 ). The UVI is an international standard measure of the strength of solar ultraviolet radiation at a particular place. It is a unit for measuring UV levels relevant to its effects on human skin (UV induced erythema). UVI is defined as the effective irradiance obtained by integrating the spectral irradiance weighted by the CIE (International Commission on Illumination) reference action spectrum for UV-induced erythema on the human skin (ISO 1999) UVI is categorized according to possible health risks. Several recommendations regarding protection against UV risks are given in Table 2 . One of the most important health risks is skin cancer.
The aim of the paper is to present seasonal as well as multiannual changes in UVI in Poland. We will also discuss the possible influence of UV radiation (expressed by UVI) on skin cancer morbidity in Poland.
Materials and methods
The basic data concerning UV index were taken from the UV Radiation Monitoring Service of the Tropospheric Emission Monitoring Internet Service (TEMIS, http://www.temis.nl/uvradiation) affiliated to the Dutch Meteorological Service. The service provides UVI values which are derived from total ozone column data as measured by GOME (the Global Ozone Monitoring Experiment, http://www. temis.nl/uvradiation/GOME), on board the ERS-2 Wear sunglasses and use SPF 30+ sunscreen, cover the body with clothing and a hat, and seek shade around midday when the sun is most intense.
6-7
High risk of harm from unprotected exposure to the sun Wear sunglasses and use SPF 30+ sunscreen, cover the body with sun protective clothing, wear a wide-brim hat, and reduce time in the sun from two hours before to three hours after solar noon (roughly 11:00 to 16:00 during summer).
8-10 Very high risk of harm from unprotected exposure to the sun Wear SPF 30+ sunscreen, a shirt, sunglasses, and a hat. Do not stay out in the sun for too long.
>10 Extreme risk of harm from unprotected exposure to the sun Take all precautions, including: wear sunglasses and use SPF 30+ sunscreen, cover the body with a long-sleeve shirt and trousers, wear a very broad hat, and avoid the sun from two hours before to three hours after solar noon (roughly 11:00 to 16:00 during summer).
Source: WHO (2002) In the paper seasonal fluctuations of UVI, calculated as average values of the four Polish stations used for consecutive days of the year for the period 1996-2011, are discussed. The changes in UVI are compared with fluctuations in total ozone column in the atmosphere. The statistical analyses were made using the STATGRAPHICS 2.0 software package.
Results

UVI variations
The data from Belsk Geophysical Observatory show that UVI values are closely correlated with total ozone column in the atmosphere. UVI increases proportionately to the decrease in ozone column (Fig. 1) . Both, mean and maximum annual values of UV index are significantly correlated (at the 99% confidence level) with ozone content.
The UV index is a function of the intensity of ultraviolet radiation. We must remember that UV intensity is not only influenced by total ozone column, but also by cloud cover, atmospheric aerosols, sun elevation and altitude. Thus, a clear annual cycle of UVI is observed with the lowest values (below 1.0) being registered in the winter months. Winter is the period when UVI shows very little regional variation. Summer peaks of mean index values vary from about 6 in Łeba through 6.5 in central Poland (Belsk, Legionowo) up to 7.5 in Zakopane. This is an effect of the altitude of the sun (smallest in the north -Łeba and highest in the south -Zakopane) and elevation above sea level; while Łeba is a coastal station, Zakopane is located at about 1,000 m a.s.l. It can be a little confusing that there are high UVI values in Zakopane R = 0. which is a mountain town characterised by increased air pollution and cloudiness. However, the UVI values used in the paper represent clear sky conditions and do not take into consideration local features of the locations being compared (Fig. 2) . UVI changed significantly during obser vation period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) at all Polish stations examined. Mean annual values of the index increased gradually (Fig. 3) . The trends lines are significant at 90 and 95% confidence levels. Significant trends (at 95 and 99% levels) are also observed for the frequency of days with UVI > 6 (these values of UVI indicate at least a high risk of harm from unprotected exposure to the sun). The increase is observed in central and northern Poland while in Zakopane (mountain region) the number of days with high UVI risk is relatively stable and the trend line for this characteristic is insignificant (Tab. 3). In Zakopane, which is the region with the highest mean UVI values, the frequency of dangerous UV conditions is two times higher than in central Poland and even 5 times higher than on the Baltic coast (Łeba) (Fig. 3) . The increased frequency of days with high UVI values in Zakopane can be explained by the high altitude of this station (about 1,000 m a.s.l.); in general, intensity of solar radiation rises with increase in altitude (Błażejczyk 1998; Bogdańska & Podogrocki 2000) .
Ultraviolet radiation and skin cancer
During the last 50 years a significant increase in skin melanoma deaths has been observed in Poland. While less then 100 people died annually from skin melanoma in the early 1960s, in the first decade of 21st century the number of fatalities had reached 1,100-1,200 (Fig. 4) . The reduction in the ozone column over Poland, especially during the last 40 years, can be considered as one > 6, 1996-2011. of the factors which influence the dramatic rise in incidence of skin melanoma and deaths. As shown in Figure 1 , the reduction in ozone content in the atmosphere has resulted in an increase in UV index. An additional cause of the increased number of skin cancer cases is a change in people's behaviour (use of solaria, sunbathing, spending winter holidays in tropical and subtropical countries etc.). The reduction in stratospheric ozone is mainly observed over the southern hemisphere (from about 280 DU in 1980 to about 240-250 DU at the beginning of 21st century). The content of stratospheric ozone over the northern hemisphere is significantly higher than over Antarctica. However, both at the North Pole and in central Europe, the ozone content was reduced from about 350 DU in 1980 to about 320 DU in 2008 .
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7,000 in 1999 to almost 12,000 in 2009. The rate of the most dangerous skin melanoma was relatively stable and during whole period analysed it consisted of about 20-24% of all cases of skin cancer (Tab. 5).
The incidence of skin cancer cases per 100,000 population changed from 25 in 1999 to over 35 in 2009 (a 40% increase) . In general, the male population is more affected by skin cancers than the female population. The relationship is 55% to 45% (Fig. 5) .
The observation series of UVI and skin cancers are relatively short. However, the resource of 11 years of detailed registers of cancer deaths allows some findings to be defined. For the analysis, the absolute number of all skin cancers and skin melanomas was compared with various characteristics of UV radiation, averaged for UVI data from all the observation stations in Poland (Łeba, Legionowo, Belsk and Zakopane). Figure 6 shows the statistical relationships between skin cancer cases (both, all and melanoma) and mean UVI values in Poland. The correlation coefficients between the values being compared are significant at the 95% confidence level for all cases of skin cancer and at the 99% level for skin melanoma. More than 40% of skin cancers in particular years can be explained by the changes in mean annual value of the UV index. For skin melanoma, the correlation coefficient is even higher and about 62% of this disease can be explained by UVI value. For other UVI characteristics (UVI max, days with UVI > 6) the relationships are statistically insignificant.
Conclusions
The change in UV radiation reaching the lower troposphere is an effect of the reduction in the stratospheric ozone layer, a phenomenon which has been observed in both the southern and northern hemispheres. The degradation of stratospheric ozone leads to an increase in skin cancer. The forecasts for the next 50 years are very worrying. Simulations made in the Dutch Institute of Public Health indicate a 50% increase in skin cancer in the Mediterranean countries and central Europe (including Poland), in the centre of Asia and in southern Africa and a 100% rise in Argentina, United States and Australia (Fig. 7) . To reduce such a risk the WHO propose intensifying educational efforts presenting the sun as an important factor in health problems (WHO 2003) . The recommendations should also be applied to Poland (WHO/ ICO 2010). Changes in UVI, especially its mean annual values and the frequency of days with UVI > 6 (or at least, a high risk of harm from unprotected exposure to the sun) have been observed in the first decade of 21st century. The changes in UV index lead to significant increases in skin melanoma and other skin cancers.
